Termogravimetria, termogravimetria derivada (TG,DTG), calorimetria exploratória diferencial (DSC) e difratometria de raios X foram utilizados para estudar o trimetroprim, sulfametoxazol, ampicilina, cloridrato de tetraciclina e rifampicina. Os resultados permitiram obter informações sobre a estabilidade térmica destes compostos e a decomposição térmica em atmosfera de ar.
Introduction
Several investigations have been carried out on the application of thermogravimetry (TG), differential thermal analysis (DTA) and differential scanning calorimetry (DSC) for the study of drug substances, excipients and drug substances in dosage forms. Montagut and coworkers 1 investigated dipyrone by employing DTA and TG, and also examined the possibility of applying TG in quantitative studies. Wendlandt and Collins 2 used DTA and TG thermal analysis techniques as aids in the characterization and identification of commercial non-preescription analgesics. Other investigations of the use of thermal analysis techniques for the study of drug substances and for applications in routine pharmaceutical analysis and in the pharmaceutical industry have also been described [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . No reference has been found on the application of TG and DSC in the study of trimethoprim, sulfamethoxazole, ampicillim, tetracycline hydrochloride, rifampim and association of sulfamethoxazole with trimethoprim.
Experimental
Chemotherapic substances studied in this work, Fig. 1 , were furnished by Nuplan-UFRN (Nucleo de Pesquisa em Alimentos e Medicamentos).
TG, DTG and DSC curves were obtained by using a Mettler TA-4000 thermal analysis system with an air flux of 150 mL min -1 , a heating rate of 10 °C min -1 and with a sample weight of 7 mg. An alumina crucible with a perforated cover was used for the DSC studies.
X ray powder patterns were obtained with an HGZ 4/B horizontal diffractometer (GDR) equipped with a proportional counter and pulse height discriminator. The BraggBrentano arrangement was adopted using CuKα radiation (λ = 1.541 Å) and a setting of 38 kV and 20 mA.
Results and Discussion
The X ray diffraction powder patterns, Fig. 2 , show that the chemotherapic substances studied in this work are crystalline materials.
The TG and DTG curves of these chemotherapics, Fig.  3 , show mass losses in two or three consecutive steps, and indicated that the thermal stability based on the TG and DTG were as follows: trimethoprim > sulfamethoxazole > tetracycline hydrochloride > ampicilin > rifampim.
The DSC curves, Fig. 4 , show endothermic and exothermic peaks. For trimethoprim, Fig 4(a) , the sharp endothermic peak at 203 °C is due to fusion and is in agreement with reference 17. For sulfamethoxazole the sharp endothermic peak at 172 °C is due to fusion, and does not agreet with Ref. 17 .
The TG and DTG curves, Fig. 3(a) , show that trimethoprim is thermally stable up to 240 °C. The thermal decomposition observed in the TG and DTG curves occurs in two consecutive steps, between 240 and 700 °C. The first mass loss up to 386 °C occurs through a fast process with mass loss of 42.92%. The second mass loss begins with a slow process followed by a fast process, with mass loss of 57.0%. The DSC curve, Fig. 4 (a), reveals endothermic and exothermic peaks. The endothermic peak at 203 °C is due to fusion and the exothermic peak at 310 °C is ascribed to oxidation of evolved products, corresponding to the first mass loss observed is the TG curve. The exothermic peak or exotherm between 550 and above 600 °C is attributed to the final thermal decomposition of the compound.
The TG and DTG curves of sulfamethoxazole, Fig.3 (b), show mass losses in two steps between 205 and 700 °C. A great similarity is observed in the TG and DTG curves of this compound with the curves of the trimethoprim. The first mass loss up to 346 °C occurs with mass loss of 38.0%, followed by the final thermal decomposition with mass loss of 61.9%.
In the DSC curve of sulfamethoxazole, Fig. 4(b) , the first endothermic peak at 172 °C is due to fusion. The exothermic peak at 270 °C and the exotherm between 380 and above 600 °C are ascribed to the oxidation of evolved products corresponding to the first mass loss observed in the TG curves, and final thermal decomposition of the compound, respectively.
The TG and DTG curves of ampicillim, Fig. 3(c) , show mass losses in three consecutive steps between 190 and 670 °C. The first step up to 225 °C, involving a mass loss of 28.3% and the second step (225-300 °C) with a mass loss of 22.1% are ascribed to the thermal decomposition of the compound, with formation of carbonaceous product. The last step (300-670 °C) is due to the final thermal decomposition of the carbonaceous product (49.4%). In the DSC curve of ampicillim, Fig. 4(c) , the sharp exothermic and endothermic peaks at 215 °C and 220 °C respectively, are ascribed to the oxidation-reduction reactions of the evolved products corresponding to the fisrt mass loss observed in the TG curves. The exotherm between 250 and 320 °C and two small exothermic peaks at 350 and 380 °C are attributed to the oxidation of the evolved products corresponding to the second mass loss of the TG curves.
The exotherm between 440 and above 600 °C is attributed to the final thermal decomposition of the compound.
For tetracycline hydrochloride, the TG and DTG curves, Fig. 3(d) , show mass losses in three consecutive steps between 200 and 650 °C. The first step up to 235 °C, a fast process with a mass loss of 20.3%, and the second step (235-350 °C) with a mass loss of 15.6% are ascribed to the thermal decomposition of the compound with formation of carbonaceous product. The third step (350-650 °C) that begins with a slow process, followed by a fast process, which corresponds to a mass loss of 64.0%, is attributed to the thermal decomposition of the carbonaceous product.
In the DSC curve of tetracycline hydrochloride, Fig.  4(d) , the sharp exothermic peak at 235 °C is attributed to the oxidation of the evolved products corresponding to the first mass loss observed in the TG curves. The exotherm between 250 and above 600 °C is ascribed to the thermal decomposition and pyrolysis of the carbonaceous product corresponding to the second and third mass losses of the TG curve.
The TG and DTG curves of rifampim, Fig. 3(e) show that the compound is thermally stable up to 185 °C; between 185 and 700 °C, the TG curve suggests mass losses in two steps, whereas the DTG curve shows four consecutive steps. The first step between 185 and 225 °C, correspondisng to a mass loss of 10.9%, is ascribed to the partial Vol. 10, No. 6, 1999 Thermal Decomposition of Some Chemotherapic Substancesthermal decomposition of the compound. The second step between 225 and 700 °C shows that mass loss begins with a slow process, followed by a fast process with a mass loss of 88.7%, which is ascribed to the final thermal decomposition of the compound. The DSC curve of rifampim, Fig. 4(e) shows only exothermic peaks. The first and second exothermic peaks at 210 and 260 °C are ascribed to the partial thermal decomposition of the compound, corresponding to the first and second mass losses observed in the DTG curve. The exotherm between 280 and above 600 °C is ascribed to the thermal decomposition and pyrolysis of the carbonaceous product, corresponding to the third and fourth mass losses of the DTG curve.
The TG and DTG curves of the mixture, trimethoprimsulfamethoxazole (16.7%-83.3%), Fig. 3(f) , show that the mixture is thermally stable up to 240 °C, i.e. that it exhibits same thermal stability as trimethoprim, despite the small quantity of this component in the mixture. The TG curve also shows that the thermal decomposition occurs in two consecutive steps, between 240 and 700 °C, whereas the DTG curve suggest three steps, as observed for the TG and DTG curves of sulfamethoxazole. The mass loss observed up to 358 °C for the first step and between 358 and 700 °C for the second step, correspond to the losses of 38.7% and 60.7%, respectively.
The DSC curve of the mixture, Fig. 4 (f) show endothermic and exothermic peaks. The endothermic peaks at 140 °C and 165 °C are due to fusion. The appearence of two fusion peaks at a temperature below that observed for each component, suggests a reaction provoked by the heating. The exothermic peak at 280 °C is ascribed to the oxidation of the evolved products corresponding to the first mass loss of TG curve. The exotherm between 320 and above 600 °C is ascribed to the thermal decomposition of the carbonaceous product corresponding to the last step of the TG curve.
Conclusions
The X-ray powder patterns verified that the chemotherapic substances studied in this work have a crystalline structure.
The TG, DTG and DSC curves provide information on the thermal stabilities and thermal decompositions of these compounds.
